Seventeen genotypes of stem amaranth (Amaranthus tricolor L.) were evaluated to determine the genetic variability, degree of association between yield and its component characters. The direct and indirect effects of marketable yield were also evaluated. High heritability with high genetic advance as percent of mean was registered for number of leaf, leaf weight and marketable yield which in fact demonstrated the presence of additive gene effects. The correlation studies revealed strong positive association of yield with leaf weight, stem weight, stem diameter, dry weight with rind, and dry weight without rind. The relationship was non-significant and negative at 1 st flowering. The result of path analysis indicated that stem weight had maximum direct effect on marketable yield followed by leaf weight, leaf number and dry weight without rind.
Introduction
Amaranth (Amaranthus tricolor L.) is a widespread traditional vegetable in all countries of tropical world including Bangladesh. It is one of the main leafy vegetables in this country and consumed as a vegetable dish or as an ingredient of sauces. Amaranth is recognized as an easy-togrow and extremely productive and nutritious vegetable. As amaranth is the most important popular vegetable crop during summer and rainy season, it is very important to evaluate the available genotypes and to select the improved ones with high yield potential and good quality.
Yield of stem amaranth is a complex character like those of other crops which is determined by various components. Knowledge on genetic variability exists among different parameters is important for crop improvement. Heritability, which measures phenotypic variance and is attributable to genetic causes, is another important consideration for a successful breeding program. Correlation coefficient analysis is a handy technique, which elaborates the degree and extent of relationship among important plant characters and it provides basic criteria for selection which leads to directional model based on yield and its components in the field experiments. Path coefficient analysis, on the other hand, is an efficient statistical technique specially designed to quantify the interrelationship of different components and their direct and indirect effects on yield. Through this technique yield contributing characters and specific traits producing a given correlation can be categorized (Islam et al., 2010 Data were recorded on first flowering, plant height, leaf number, leaf length, leaf weight, stem weight, stem diameter, dry weight with rind, dry weight without rind and marketable yield. The genotypic and phenotypic variances were calculated according to Singh and Choudhary (1985) . Genotypic and phenotypic co-efficients of variations were computed using the formula suggested by Burton (1952) and AlJibouri et al. (1958) . Heritability in broad sense was estimated according to Lush (1943) . Genetic advance under selection was calculated by the formula suggested by Johnson et al. (1955) . Genetic advance in percent of mean was calculated according to the method given by Comstock and Robinson (1952) . Simple correlation co-efficients for all possible pair of characters at phenotypic and genotypic levels were done following Hayes et al. (1955) . Direct and indirect effects were worked out using path analysis at genotypic level following Dewey and Lu (1959) . The residual effect was calculated using the formula suggested by Singh and Choudhary (1985) . 
Results and Discussion
3.1. Genetic variability, heritability and genetic advance The genotypes varied significantly for all the characters studied. The estimates of range, mean, genotypic variance (σ 2 g), phenotypic variance (σ 2 p), genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), broad sense heritability (h 2 b ), genetic advance (GA) and genetic advance in percent of mean (GA%) for different characters are presented in Table 2 . The ranges were moderate to high for most of the characters. Maximum range was observed in marketable yield (68.4 -495.2 gm) followed by stem weight (62.7 -450.4) and number of leaves per plant (37.0 -238.0). The differences between GCV and PCV were high for leaf length and stem diameter indicating the vulnerability of traits to environmental influences. High GCV and PCV were observed in leaf weight (77.54 and 80.14 %, respectively) and dry weight without rind (74.42 and 74.47 % respectively). High heritability estimates associated with fairly high estimates of genetic advance (GA) were observed for number of leaf, leaf weight and marketable yield which in fact demonstrated the presence of additive gene effects. Such a high GA may be due to the action of additive genes (Abhay et al., 2002) . 
Correlation coefficients
Genotypic and phenotypic correlation coefficients among yield and its components are presented in Table 3 . In some cases, the genotypic correlation coefficients were higher than the phenotypic correlation coefficients. These observations indicate that the expressions of character associations had not been appreciably influenced by the environment and the apparent association may be largely due to genetic reason. The difference between genotypic and phenotypic correlation was in general low, indicating that the environmental effects did not have much influence on these characters. Dutta et al. (2002) also reported that the magnitudes of genotypic correlation were higher than their respective phenotypic correlations. Yield per plant showed significant and positive genotypic and phenotypic correlation with leaf weight, stem weight, stem diameter, dry weight with rind, dry weight without rind. Plant height had positive correlation with stem weight, dry weight with rind, dry weight without rind and marketable yield. Positive significant correlations were also noticed for leaf length with leaf number, weight of leaf with leaf number and leaf length, stem diameter with leaf length, leaf weight and stem weight. Stem weight exhibited positive and significant correlation with dry weight both for rind and without rind. Length of leaf showed highly significant positive correlation with marketable yield both at phenotypic and genotypic levels.
Path analysis
The cause and effect relationships of yield per plant and yield related characters are presented in Figure 1 . Residual effects of their independent variables, which have influenced yield to a small extent, are denoted as R in the diagram.
Estimates of direct and indirect effects of path coefficient are presented in Table 4 . Days to first flowering contributed minimum negative direct effect with marketable yield (-0.024). This character, however, showed highest negative indirect effect via marketable yield (-0.128), stem weight (-0.11) and dry weight without rind (-0.003). There was no effect with leaf weight (0.00). Plant height had the highest negative direct effect on marketable yield (-0.008). Leaf number showed positive direct effect with marketable yield (0.008). However, there was no effect with plant height (0.00). Leaf length showed the negative direct effect with marketable yield (-0.022). This character also showed negative indirect effect with stem diameter (-0.010) and dry weight with rind (-0.004), but result was ultimately the total positive significant correlation with marketable yield (0.489*). Leaf weight showed the maximum direct positive effect with marketable yield (0.090) and revealed no effect with days to first flowering (0.00), which resulted ultimately the total positive significant correlation with marketable yield. Minimum negative direct effect with marketable yield (-0.016) was observed for stem diameter. Stem diameter showed maximum positive indirect effect (0.554) through stem weight followed by leaf weight per plant (0.073), leaf number per plant (0.004), dry weight without rind (0.003), plant height (0.002) and days to first flowering (0.001). This character also showed negative indirect effect with leaf length (0.014) and dry weight with rind (-0.005). This negative direct effect was counter balanced by six positive indirect effect making the total correlation between stem diameter and marketable yield positive and highly significant (0.602***).
Dry weight with and without rind showed the negative and positive direct effect with marketable yield, respectively (-0.017 and 0.007). Nonetheless, these traits showed positive and negative indirect effect making the total correlation between dry weight and marketable yield positive and highly significant. The estimated residual effect was 0.011 indicating that about 99.99% of the variability in stem amaranth yield was contributed by the characters studied in this experiment.
Conclusions
The present study was undertaken to estimate the genetic parameters, association of different yield contributing characters and their direct and indirect effects on marketable yield of some stem amaranth genetypes. Additive gene effect was noticed for number of leaf, leaf weight and marketable yield as high heritability with high genetic advance was recorded. Marketable yield exhibited strong positive association with leaf weight, stem weight, stem diameter, dry weight with rind and dry weight without rind. Path analysis indicated that stem weight had maximum direct effect on marketable yield. It would therefore, be rewarding to lay stress on these characters in selection program for increasing marketable yield of the stem amaranth genotypes.
